Purpose The purpose of this study was to evaluate the management of paediatric torus fractures of the distal forearm in current practice in light of growing evidence supporting a 'minimalist' approach with splint immobilization and limited follow-up. We hypothesized that 'traditional' cast-based management has persisted despite alternative evidence.
Methods A retrospective review was performed of a consecutive series of paediatric patients diagnosed with torus fractures of the distal forearm between 2011 and 2014. Records were reviewed to abstract the type of immobilization (splint versus cast) prescribed at each visit, number of radiographic exams, duration of immobilization, number of clinical visits and complications. The primary outcome was the proportion of patients exclusively managed in splints. Injuries were grouped based on treatment into a cast group (CG) and a splint group (SG) for statistical analyses. Additionally, injuries were grouped by epoch of time to determine if immobilization usage patterns evolved.
Results A total of 240 forty injuries met criteria for inclusion. Of these, 16 (6.7%) were exclusively splinted (SG). Relative to the CG, the SG had fewer clinical visits (p < 0.001), fewer radiographic exams (p < 0.001) and a shorter total encounter time (p = 0.015). No change in immobilization use occurred over the study period. In all, 21 (9.4%) of the CG experienced complications. No clinically significant displacements occurred in either group.
Introduction
Torus (buckle) fractures of the distal forearm are common injuries in children and young adolescents, typically occurring after a fall on an outstretched arm. 1 They are stable due to the thick periosteum present in this patient population and, unlike other paediatric wrist and forearm fractures, the risk of future displacement is minimal. [2] [3] [4] The traditional management of paediatric torus fractures of the distal forearm has mirrored that of other fractures in this region, including cast immobilization and serial radiographic and clinical follow-up to assess for displacement until fracture union. However, emerging literature over the last two decades has supported a 'minimalist' approach to managing these injuries. Van Bosse et al 5 described treatment with removable splint application at time of injury, appropriate patient and caregiver counselling, a short (three to four week) period of immobilization and either self-discontinuation of the splint at home or a single follow-up appointment with clinical examination only. Radiographs become necessary only in the setting of re-injury or continued pain after the treatment period. Numerous other studies have highlighted safe and efficacious management of these injuries in a similarly 'minimalist' fashion. [2] [3] [4] [6] [7] [8] [9] In addition to pre-fabricated and removable splints, multiple other non-casting alternatives have been found to be equally safe in the management of paediatric torus fractures of the distal forearm. Soft bandage 10 and soft cast, 11,12 neither of which require a physician visit for removal, have both been demonstrated to be acceptable treatment options. In the appropriately selected patient, home-based removal of immobilization can further simplify management and has been demonstrated to have equivalent outcomes to clinic-based reexamination and removal. 7 By eliminating the additional orthopaedic clinic visits for cast removal and radiographic exams, these management approaches theoretically minimize the burden to the caregiver and patient while simultaneously reducing treatment cost. 4 Although recent studies have begun to evaluate provider opinions regarding minimalist strategies in the treatment of buckle fractures of the distal forearm and other paediatric orthopaedic injuries, 13, 14 to our knowledge, no prior study has examined 'real world' provider uptake and implementation of these practices since the emergence of this literature. The purpose of this study was to evaluate the current management of paediatric torus fractures at a single institution by examining the type and duration of immobilization prescribed, the utilization of radiographs in follow-up, and the number and duration of clinical encounters. We hypothesized that despite the evidence supporting a 'minimalist' approach, the majority of paediatric patients with torus fractures of the distal forearm in our hospital system would still be managed in a traditional fashion.
Patients and methods

Study design and setting
We performed a retrospective review of a consecutive series of paediatric patients diagnosed with a buckle fracture of the distal forearm between May 2011 and November 2014. The selected study period was chosen to coincide with the introduction of the electronic medical record (EMR) into our institution, which was critical for gathering outcome measures related to time spent receiving care. This study was conducted at a tertiary care academic institution in North Central Florida with an Emergency Department caring for roughly 12 000 children each year. Approval was obtained from the University of Florida Institutional Review Board for all study procedures.
Patient management
Definitive management of all fractures was determined by the treating clinician as per standard operations for this institution. Treating clinicians consisted of a mixed group of operative and nonoperative providers from a multi-specialty Orthopaedics and Rehabilitation Department. No clinicians involved in the care of the studied population were aware this study would be performed and thus their treatment was based on their own clinical experience and training. The vast majority of immobilization (casts and splints) used was below the elbow, except in a small number of children less than four years old. Casts were all fashioned from fibreglass, as is the standard of care at our centre. The splints referred to in this study included a heterogeneous assortment of both sugar-tong and fibreglass slabs applied using cast padding and an ace wrap as well as pre-fabricated Velcro wrist and forearm splints.
Patients
Eligible subjects were identified through a search of the EMR for individuals matching the following inclusion criteria: paediatric patient (17 years old and younger) and diagnosis of torus (buckle) fracture of the distal forearm given by the treating provider during our study period. Two independent radiograph evaluations were performed and compared, one by a radiologist and a second by author BAW, to confirm the diagnosis. Patients with buckle fractures of the distal radius and/or ulna (buckle or styloid fracture) were included. Those with diagnoses by either reviewer discrepant from the clinical record or with concomitant ipsilateral upper extremity fractures affecting definitive management (e.g. ipsilateral supracondylar humerus fracture) were excluded.
Study variables
The EMR was reviewed for extraction of the following variables: age (continuous), gender (dichotomous), location of each presentation (categorical) and the number of days (continuous) between visits. The number of radiographic exams (continuous) performed over the treatment period was tallied for each injury. Two-and three-view wrist series and two-view forearm series were each counted as a single exam. The treatment at each clinical encounter was recorded as either: splint, cast or no immobilization. Patients managed exclusively in a splint throughout the treatment period were assigned to the splint group (SG), while those casted for any period of time were assigned to the cast group (CG). The total clinical encounter time was the summed difference between the recorded check-in and check-out times (rounded to the nearest quarter of an hour) at each clinical encounter. Each patient chart was reviewed from the date of injury to three months post-injury to determine if complications or re-injuries occurred and were managed at our institution during this time frame.
Our primary outcome was the proportion of patients managed exclusively with splints during the study period. Secondary outcome measures included the rate of complications, the duration of follow-up and prescribed immobilization, and use of follow-up radiographs with each of the treatment strategies.
Data collection
Data collection occurred between January 2015 and June 2016 and was performed by three authors (BAW, CAA and DCM). The primary author determined standardized locations for extraction of each recorded variable from the medical record for all reviewers and performed simultaneous reviews of the first ten records for each reviewer to assure accuracy and consistency of data collection. Data were collected in and managed by Research Electronic Data Capture (REDCap) 15 hosted at our institution. REDCap is a secure, web-based application designed to support data capture for research studies and facilitate seamless data export to common statistical packages.
Statistical analysis
Statistical analyses were performed using JMP PRO Version 12.0.1 (SAS Institute, Cary, North Carolina). Descriptive statistics were used to analyze the demographic and treatment-related variables across the entire study cohort. Univariate analyses were performed to evaluate for differences between the two treatment approaches (SG versus CG). Given the study was performed over more than a three-year period, we secondarily divided our study period into two epochs to examine whether changes in practice patterns led to differences in management over time. Our study population was divided into two equal sized groups of injuries occurring in the first and second halves of the study period. The 'early' group received care from 2011 to mid-2013 and the 'late' group received care from mid-2013 to 2014. For all analyses, Student's t-tests were used for continuous data (age, duration of prescribed immobilization, duration of follow-up, number of radiographic exams and total clinical encounter time). Data are expressed as means and sd. The chi-squared test was used to analyze group differences in proportions of categorical data (gender, form of immobilization). A p-value < 0.05 was considered to be significant.
Results
A total of 300 consecutive records were reviewed and 240 torus fractures of the distal forearm occurring in 236 patients remained after appropriate exclusions (Fig. 1) . Five exclusions appeared to be coding errors due to a clearly incorrect diagnosis (e.g. displaced both bone forearm fracture), while a larger number were excluded due to radiograph review demonstrating injuries more consistent with greenstick or minimally displaced transverse fractures (both cortices involved). In all, 70 (29.1%) injuries were referred in after initial management at an outside facility. The duration of clinical visits occurring at outside facilities was not accessible through our EMR, therefore, these injuries were excluded from analyses involving total clinical encounter time.
Age at injury was 7.5 years (sd 3.5) old. A total of 123 (51.3%) fractures occurred in males. Providers exclusively managed buckle fractures of the distal forearm in a splint in 16 (6.7%) cases. All other injuries (93.3%) were managed for all or a portion of the treatment period in a cast. Patients were followed in clinic for an average of 28.9 days (sd 8.3) and prescribed immobilization (cast or splint) for 35.3 days (sd 10.3). Patients underwent 2.3 radiographic exams (sd 0.7) and spent 4.9 hours (sd 2.2) waiting for, and receiving treatment over their clinical course.
Significant differences existed between SG and CG for a number of our demographic and treatment-related variables (Table 1) . No significant differences in management strategy were found with respect to gender or prescribed duration of immobilization.
Comparing the early and late care groups, we found no change in the proportion of patients managed in a splint (early -6.7% versus late -6.7%). Additionally, there were no significant differences in duration of patient follow-up, duration of prescribed immobilization practices, total radiographs obtained or total duration of clinical care between the two study epochs.
Follow-up and complications
No radiographic or clinically evident displacement occurred in patients completing follow-up at our institution in the CG or SG. A total of 21 (8.8%) patients were lost to follow-up after treatment at our centre, 19 (8.5%) in the CG and two (12.5%) in the SG. In all, 21 (9.4%) Fig. 1 Reasons for subject exclusion. .2) 0.015 *total encounter time included a subset of injuries with all clinical visits occurring at our institution patients in the CG had cast-related problems (e.g. wet or painful cast) requiring an unscheduled clinic visit for cast change or removal while no complications were observed in the SG (Fig. 2) .
In total, 25 (10.4%) patients were lost to follow-up after treatment at our centre, 19 in the CG and six in the SG. In all, 21 cast-related problems (e.g. wet or painful cast) occurred requiring an unscheduled clinic visit for cast change or removal while no splint-related complications were observed (Fig. 2) . No radiographic or clinically evident displacement occurred in patients completing follow-up at our institution in either group.
Discussion
The findings of our study identified persistent utilization of traditional management strategies throughout the study period without evidence of practice evolution over the three-year time frame. To our knowledge, this is the first study to examine true provider implementation of the splint approach for distal forearm buckle fractures since emergence of a broad literature base in favour of minimalist strategies over the last two decades. 2, 6, 9, 10, [16] [17] [18] In a recent systematic review of randomized-controlled trials comparing treatment of paediatric torus fractures of the distal forearm, Hill et al 16 (2016) found broad support for the use of removable splint over a cast. The benefits of splinting have been seen in regards to function, hygiene, cost, convenience and patient and caregiver satisfaction without increased risk of treatment failure. 2, 6, 9, 10, 17, 18 Furthermore, although we opted to exclude non-torus fractures of the wrist (i.e. greenstick and transverse) from the current study, a 2010 randomized controlled trial by Boutis et al 19 suggests that these injuries may also be safely managed with a removable device for four weeks. These authors also identified that splints were superior with regards to patient and parental satisfaction. Other non-casting alternatives such as soft bandage 10 and soft cast 11, 12 have also demonstrated efficacy and ease of use. Although some studies have suggested a potential downside of non-cast options related to higher pain scores at presentation 9 and longer periods of pain, 18 these findings have not been consistent across all studies. Most importantly, non-cast treatments have not demonstrated any increased risk of fracture displacement or treatment failure across numerous rigorous trials. 16 Our findings demonstrate that despite this growing evidence base, traditional practices remain prevalent at our institution. The vast majority of paediatric buckle fractures of the distal forearm at our centre were treated with a cast instead of a splint. Of further concern, the utilization of radiographic and clinical follow-up, the duration of follow-up and the prescribed duration of immobilization were greater than the recent evidence suggests is necessary for safe management. 2, 6, 9, 10, 17, 18 Additionally, when comparing the early and late groups to evaluate for changes in practice patterns over the study period, we identified no statistically significant differences in the metrics studied. Together, these results suggest the enduring tendency to over-treat this injury. We also identified a significant association with fewer clinical visits, fewer radiographic exams and a shorter total encounter time in injuries managed exclusively in splints. Elimination of unnecessary clinic visits and radiographic exams has great potential to reduce caregiver time lost from work and patient time lost from school.
Although the decision to utilize traditional treatment measures is presumably made with the patient's best interest in mind, it is easy to overlook the risks and inconveniences imposed with overtreatment. Traditional measures can increase healthcare spending, introduce unnecessary radiation exposure to the patient, and create additional financial burden for caregivers due to added travel and time away from work. Most importantly, casting is not benign. Skin complications and burns can occur from ill-fitting or mistreated casts and improper cast removal. Additional inconveniences may also arise, such as unscheduled clinic visits for casts that become wet, uncomfortable or too tight. In this study, nearly 10% of injuries managed in a cast had a complication requiring an unscheduled visit (Fig. 2) . Finally, cast application is also more time consuming and labour intensive than splint use and requires follow-up for removal. Therefore, this all begs the question: why are many providers continuing to cast children for these injuries if there exists an equivalent, well-tolerated and evidence-based alternative with fewer complications?
The reasons for discrepancy between evidence-based and actual practice are unclear. Dogmatic and long-standing practices in medicine are often difficult to change despite strong evidence to the contrary. Some potential barriers to adoption of these new standards of practice include a lack of familiarity with recent literature supporting the 'minimalist' approach, prior provider experiences, patient and caregiver preferences, concerns regarding splint compliance, and inability or lack of confidence in accurately identifying fractures appropriate for minimalist treatment. Boutis and colleagues explored the barriers to emergency 14 and paediatric orthopaedic 13 provider utilization of splints in the management of paediatric fractures with low rates of complications. Emergency providers felt constrained by the availability of commercial splinting devices and the support of their orthopaedic colleagues, while both groups expressed concerns about patient compliance and potential complications with removable forms of immobilization. The results of this study, performed in a health system with a mixed group of both operative and nonoperative paediatric and adult providers caring for these injuries, suggest that further exploration of these barriers is certainly warranted.
Quality issues and future directions
Based on our findings, this group of investigators is seeking to identify and quantify barriers to broader acceptance of minimalist strategies via provider, patient and caregiver survey. Once identified, we plan to deconstruct these barriers in order to facilitate front-line provider (primary care and emergency medicine physicians and orthopaedic residents) education and implement institution-wide changes to the treatment algorithm. These didactic measures will also help facilitate improvement in the radiographic recognition and coding accuracy of these injuries, an issue highlighted by a significant proportion of patients excluded from our study.
Limitations
This study was principally limited by the small sample size of patients treated exclusively in a splint and its retrospective design. We relied on the accuracy and consistency of the medical record for identification of patients via diagnosis coding and for many of our collected variables. Additionally, a substantial number of injuries in this cohort were excluded due to discrepant diagnoses. While it is unclear whether this was due to miscoding or misdiagnosis, it does suggest that appropriate identification of injuries acceptably managed in splint alone may be a factor limiting implementation of this treatment strategy. Recent work suggests that even among individuals trained in evaluating paediatric musculoskeletal radiographs, overand misdiagnosis of buckle fractures of the distal forearm may be a more widespread issue than most would readily acknowledge. 20 While our study was not designed to formally address this question, these observations deserve further exploration of strategies for improvement. Finally, the generalizability of our results is uncertain due to the limited number of dedicated paediatric practitioners at our centre during the study period. We recognize that utilization patterns at institutions where providers exclusively care for paediatric patients may be different. Further multicentre and multi-setting studies are necessary to assess how broadly these treatment patterns extend in our present-day healthcare system.
Conclusions
Cast utilization and frequent radiographic follow-up remain common at our institution in the management of paediatric torus fractures despite growing evidence supporting an alternative 'minimalist' strategy. Nearly 10% of casted injuries suffered a complication requiring an unscheduled visit while splint-only management of torus fractures of the distal forearm at our institution was associated with fewer clinical visits, fewer radiographic exams and a shorter total encounter time. Measures to increase implementation of this strategy are likely to decrease treatment-related costs and patient/caregiver inconvenience. Future work will explore barriers to implementation of this management practice with the hope of achieving practice change through provider education and institution-wide treatment algorithms.
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